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THE TEMPORAL MASKING PATTERN OF GATED 
OR REPEATED BURSTS OF WIDE-BAND NOISE 
By 
KENICHI M I Y A Z A K I (-g~lll-) 
(Department of Psychology, Tohoku University, Sendai) 
Temporal masking experiments of a click signal by a wideband noise masker were 
performed in two different situations in order to evaluate the dynamic property of 
the auditory system. In Experiment 1 the backward, simultaneous, and forward 
masking functions were obtained in a traditional procedure. In Experiment 2 the 
repeated bursts of noise (rectangularly amplitude-modulated noise) were employed as 
the masker and the temporal masking functions over one cycle of the AM masker 
were obtained. It was revealed that the masking functions of AM noise are 
qualitatively predictable from the results of backward, simultaneous, and forward 
masking and that the threshold difference between the maximum and the minimum 
on the masking pattern of AM noise decreases as modulation frequency increases, 
disappearing almost completely at modulation frequency of 200 Hz. This dependence 
of the shape of the masking pattern upon modulation frequency is consistent with the 
temporal modulation transfer function of the auditory system revealed in terms of the 
system analytical approach by Rodenburg (1977) and Viemeister (1977) 
INTRODUCTION 
The sounds we hear in everyday life seldom appear in a steady-state but in many 
cases change in time in their intensity and frequency composition. In language and 
music essential informations are conveyed through these temporal changes. It may be, 
therefore, that the question of how the auditory system responds to the time-dependent 
stimuli, or that of its dynamic property provides one of the most interesting research 
areas of the auditory perception. The temporal course of responses of the auditory 
system has been investigated in a paradigm of temporal masking (e.g., Luscher and 
Zwislocki, 1949; Elliott, 1962; Osman & Raab, 1963; Fastl, 1976, 1976/77). Though 
there exist considerable differences among the results of these studies mainly due to 
different experimental procedures, it could be said generally that forward masking 
decreases as the time separation between the masker's termination and the occurrence 
of the signal increases with its effect extending over 100 msec or more after the masker's 
end, while backward masking occurring about 50 msec before the masker's onset 
increases first relatively slowly as the signal gets near to the masker and then more 
rapidly when the signal is immediately before the masker's onset. Since masking 
effects outlast the masker duration in these ways, the temporal masking function with-
in a temporal gap between two successive maskers shows a composite shape of the 
forward and backward masking function because of their interaction or additivity and 
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becomes shallower as a gap gets shorter (Wilson & Carhart, 1971; Robinson & Pollack, 
1973). 
Recently, several studies on temporal masking have been done using time-
dependent stimuli like amplitude-modulated (AM) or frequency-modulated (FM) 
sounds as masking stimuli (e.g., Green, 1973; Zwicker, 1974, 1976/1977; Fastl, 1977; 
Rodenburg, 1977; Viemeister, 1977). These masking stimuli should produce the 
temporal masking patterns which change systematically with modulation frequency and 
modulation depth of the masking stimuli as expected from the results of the temporal 
masking experiments mentioned above. If it may be assumed that the masking 
pattern reflects the response of the auditory system, then it may be expected that the 
masking experiments which use such time-dependent stimuli provide valuable informa-
tions in evaluating the dynamic property of the auditory system. 
The present paper reports first some preliminary experiments on temporal masking 
which includes backward, simultaneous, and forward masking in a traditional paradigm 
and then presents the results of the temporal masking experiments which employ repeat-
ed bursts of wide-band noise (rectangularly amplitude-modulated noise) as more 
general time-dependent masking stimuli. The primary concern is to evaluate the 
dynamic properties or the temporal resolving power of the auditory system. 
EXPERIMENT I 
METHOD 
Apparatus: A block diagram of the apparatus used is depicted in Fig. 1. Wide-
band noise was obtained from a white-noise generator and gated by an electronic 
swtich (Rion, SB-lOA) to produce a rectangular burst as the masker. As a click signal 
a rectangular dc pulse (100 f-tsec in width) was generated by triggering a waveform 
generator (NF Circuit Block, FG-122) the amplitude of which could be controlled by 
adjusting the input voltage into the VCA (Voltage-Controlled-Amplitude) circuit. A 
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Fig. 1. A block-diagram of the apparatus employed in Experiment 1. 
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digital pulse generator (Rion, TG-04A) controlled the duration of a burst of noise, its 
repetition period, and the temporal position of a click signal relative to the masker's onset 
or termination. Olick signals and noise bursts were, after amplified and mixed by a 
stereo-amplifier (Trio, KA-5002), presented to S's left ear through an electrostatic 
headphone (Koss, ESP-9B). 
Procedure: The experiment consists of three separate sections according to the 
relative temporal position of the signal and the masker, i.e., backward, simultaneous, 
and forward masking. In the bakward masking condition, the signal was presented 
prior to the masker, delay time between the onset of the masker and the occurrence of 
the signal being varied from -500 to -1 msec; in the simultaneous masking condition, 
the signal occurred during the masker with its delay time from the masker's 
onset varied from 1 to 499 msec; in the forward masking condition, the signal followed 
the masker, its delay time from the masker's end being 1 to 500 msec. Duration of 
the masker was set at 500 msec and overall sound pressure level was at approximately 
68 dB. The combination of the noise masker and the click signal was repeated at the 
period of 1.5 sec. Ss sat in a sound-treated room and were instructed to determine the 
just detectable signal level by adjusting a continuously variable attenuator which 
controlled the voltage of input to the VOA circuit while listening to the combination of 
the click signal and the noise masker repeatedly. In order to avoid fatigue Ss were 
permitted to turn off the sequence of stimuli at will by a switch under their hands. 
Trials were randomly ordered among different conditions of masking intervals and four 
to eight measurements were performed in each condition. Practically E measured the 
input voltage of the VOA circuit Ss had set, from which the amplitude of a dc pulse 
delivered to a headphone was calculated. 
Subjects: Two Ss who were highly practiced in psycho acoustical experiments were 
employed. Both had the normal hearing ability. 
RESULTS 
Results of backward, simultaneous, and forward masking are presented in Fig. 2a-
c. Each figure shows the masked threshold for a click signal in peak equivalent sound 
pressure level as a function of temporal separation between the onset or the termination 
of the masker and occurrence of the signal. Each data point is the average of four to 
eight threshold determinations. It can be seen from Fig. 2a that the effect of backward 
masking decreases rapidly and almost linearly on a log-log plot as the time separation of 
the signal and the masker increases, extending to about 50 msec for TS and nearly 200 
msec for KM before the masker's onset. It should be noted also that the backward 
masking functions are somewhat different in shape between two Ss in that KM shows a 
less sharp slope than TS. In simultaneous masking, the masked threshold generally 
remains almost a constant level throughout the masker duration. It is noted, how-
ever, that there occurred a slight decrease of threshold at the masker's onset for KM 
and a slight elevation immediately after the masker's onset for TS and both Ss showed a 
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Fig. 2. Temporal masking functions obtained in Experiment 1 with the click signal and the 
gated wide-band noise. Peak· equivalent sound pressure levels of the signal at threshold 
are plotted as a function of the delay time of the signal relative to the masker's onset or 
termination. Arrows on the ordinate represent the threshold in quiet for each S. Each 
data point is the mean of four to eight measurements. (a) Backward masking functions; 
(b) simultaneous masking functions; (c) forward masking functions. 
threshold decrease of about 2~3 dB at the end of a masker (Fig. 2b). Results of 
forward masking indicate that as the delay time increases the masking effect decreases 
almost linearly on a log plot and outlasts the masker duration by more than 200 msec 
for both Ss (Fig. 2c). 
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DISCUSSION 
Results described above are consistent in outline with the previous ones of 
temporal masking. Elliott (1962) performed some experiments of temporal masking 
which employed a burst of white-noise as the masker and a tone pulse as the probe. She 
obtained the asymmetrical functions of backward and forward masking with respect to 
the plus-minus delay time revealing that the effect of backward masking at small delay 
time is considerably large compared with that of forward masking at corresponding 
delay time, and that the effect of forward masking extends over a wider range of the 
delay time than backward masking. But the results of present experiment cannot 
be compared with her results because a click signal (wide-band signal) was employed 
here rather than a tone pulse (narrow-band signal). In this sense the present results 
could be compared rather with those of Osman & Raab (1963) and Wilson & Carhart 
(1971) which used also a click signal and a noise masker. It may be seen the general 
tendency of the time comse of the forward and backward masking effects in the present 
results is consistent with those already known. It must be added, however, that the 
well-known asymmetrical relation of the backward and forward masking functions was 
weakly supported here, because KM showed the anomalously extended shape of the 
backward masking function which is almost symmetrical to that of the forward mask-
ing function with respect to the delay time. 
In the condition of simultaneous masking, there have been often observed a 
relatively large threshold elevation at the onset of a masker and a relatively small 
elevation at the end of the masker, which are called "overshoot" phenomena (Elliott, 
1965; Zwicker, 1965). The present results of simultaneous masking showed, however, 
no prominent threshold elevations and the masked threshold level remained almost 
constant throughout the duration of the masker. This seems to be because both the 
signal and the masker had a wide-band spectrum in this experiment according to the 
principle that an overshoot is observed in the masking function only when the signal 
and the masker have significantly different spectral shapes as Elliott and Zwicker 
mentioned. A slight threshold elevation of TS immediately after the masker's onset 
should not be regarded as an overshoot because it is too small and rapidly decays. 
On the contrary, the decrease of threshold at the onset and termination of the masker 
is notable. This disparity may be attributed to the difference of a task which is involved 
in detecting the signal at the onset or end of the masker and within the masker. 
EXPERIMENT II 
In the previous section the masking functions were obtained through a traditional 
paradigm of temporal masking which included backward, simultaneous, and forward 
masking. In this section another type of temporal masking experiment is described 
which employs repeated bursts of wide-band noise (rectangularly amplitude-modulated 
noise) as the masker. The purpose of this experiment is to examine whether the 
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temporal masking pattern obtained with this type of masker is predictable from the 
previously obtained backward, simultaneous, and forward masking patterns and also to 
evaluate the time resolving power of the auditory system. 
METHOD 
Apparatus: The output of a white-noise generator was amplitude-modulated by a 
square-wave from a waveform generator (NF Circuit Block, FG-1l3) in a amplitude-
modulating circuit which is constructed by means of a four quadrant multiplier (Moto-
lora, MC-1494L). The modulating circuit was carefully balanced so that the modula-
tion depth of its output was nominally 100%, providing repeated bursts of noise. 
The voltage of the output at the OFF half-period of the modulation cycle was confirmed 
to be below the level of the system noise. The modulating waveform triggered a 
digital pulse generator (Rion, TG-04A) which elicited a train of delayed pulses relative 
to the positive going zero-crossing of a modulating square-wave, its repetition period 
being set at 200 msec regardless of the modulation period. This pulse train was, 
through a pulse controlling circuit which was designed to repeatedly pass and stop 
each four successive pulses, delivered to a waveform generator (NF Circuit Block, FG-
122) which was triggered to generate a rectangular dc pulse of 100-,usec width. Thus a 
sequence of click signals were obtained at a rate of 5 pulses/sec independently of the 
modulation frequency of AM noise in a time pattern of 4 ON and 4 OFF, and the 
occurrence of clicks was phase-locked to a modulation waveform. The modulation 
period of AM noise was accurately set by using a time counter (Iwatsu Electric, TC-
4131A) or an electronic counter (National, VP-454A) and the waveform of an input to 
a headphone was monitored through an oscilloscope (National, VP-526A) during 
experimental sessions. Other details of the apparatus used are the same as in the 
Experiment 1. Fig. 3 shows an arrangement of equipment. 
Procedure: The general procedure was designed to correspond to that of Experi-
ment 1. The combination of the AM noise masker and the click signal trains was 
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Fig. 3. A block-diagram of the apparatus employed in Experiment 2. 
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presented continuously to Ss' left ear and the just detectable level of the signal was 
determined by means of the method-of-adjustment; Ss' task was to adjust the input 
voltage of the VeA circuit of a waveform generator by manipulating the continuously 
variable attenuator until the rhythmic patterns of the click signal were just inaudible. 
Modulation frequenies (f mod) selected were 5, 10, 20, 50, 100, and 200 Hz. The click 
signal occurred at fifteen different positions within a modulation period of the masker 
in different trials the order of which was randomized. Measurements were repeated four 
times at each position. Overall sound pressure level of the noise masker at the ON 
half-period of modulation cycle was again set at approximately 68 dB. Ss were the 
same as in Experiment 1. 
RESULTS 
Results of this experiment are summarized in Fig. 4 where the masking patterns 
obtained from both Ss are depicted over one cycle of the AM masker for different 
modulation frequencies. The envelope of the AM masker is indicated by square-wave 
at the bottom of the figure. Since modulation frequencies are different for each pair of 
curves, the abscissa does not represent the absolute time scale but the relative delay 
time, allowing in this way to compare more directly the shape of the masking pattern 
with the envelope of the masker for different modulation frequencies. Each pair of 
curves are shifted vertically by the same amount for clarity. 
It is clear from this figure that the shape of the masking pattern changes systemati-
cally with the modulation frequency of the AM noise masker; as modulation frequency 
increases, the valley of the masking pattern which occurred at the OFF half-period of 
AM cycle gets shallower, and completely disappears at the highest modulation rate 
(f mod=200 Hz). It could be noted also that the simultaneous masking function obtained 
in Experiment 1 is reflected on the fairly constant level of the masked threshold at the 
ON half-period of AM cycle and the forward and backward masking functions are on the 
valley of the present function corresponding to the OFF half-period of AM cycle in a 
somewhat unexpected manner. 
DISCUSSION 
It is expected that the masking pattern of AM noise can be predicted from the 
backward, simultaneous, and forward masking functions previously obtained, since the 
procedures of the present experiment correspond to the previous ones except that here 
the masker is repeated bursts of noise and the signal is the trains of clicks. While the 
masked threshold at the ON half-period of AM masker held an approximately constant 
level as predicted from the results of simultaneous masking, the masking pattern at the 
OFF half-period of AM noise revealed partial discrepancy from the prediction. To 
facilitate a comparison, the backward and forward masking functions of Experiment 1 
are reploted on a linear time scale (Fig. 5), from which the masking pattern in a 
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Fig. 4. Temporal masking functions for two Ss obtained in Experiment 2 with the click 
signal and the rectangularly amplitude-modulated wide-band noise. Each curves are for 
different modulation frequencies and cover one cycle of the AM noise. The abscissa 
represents the relative delay. The envelope of the AM masker is shown at the bottom. 
For clearity each pair of curves is vertically shifted. 
temporal gap between two successive bursts may be predictable to some extent. While 
the backward and forward masking curves of TS shows an asymmetrical shape with 
forward masking decaying relatively slowly as the delay time increases and backward 
masking rapidly growing immediately before the onset of the masker as the signal 
gets near to the masker, results of KM show nearly a symmetrical shape because of the 
extended effect of his backward masking. It can be seen from Fig. 4 that the masking 
patterns at the OFF half-period of AM noise in a corresponding condition of modulation 
frequency (fmod=5 Hz) show nearly similar asymmetrical shapes for both Ss, which is 
compatible with the prediction from the composite shape of backward and forward 
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Fig. 5. Backward and forward masking functions of Experiment 1 replotted together on a 
linear time scale. 
masking functions for TS but not for KM. It may be conjectured from this discrepancy 
for KM that at least for this S a detection task in a backward masking situation in a 
traditional temporal masking paradigm may not be the same as that with the AM 
masker. In fact, in the backward masking experiment of Experiment 1 a task seems to 
be more difficult and detection performance is less stable than Experiment 2 with the 
AM noise masker. Detection of the click signals is considered to be easier in Experi-
ment 2 where the click signals were presented in a rhythmic temporal pattern than in 
Experiment 1 where combinations of a click and a noise burst were repeated. Except for 
the anomalous results in a situation of backward masking mentioned above, it could be 
said the masking patterns at the OFF half-period of AM noise are well predictable from 
the composite forward and backward masking functions. Similar coincidences were 
also obtained by Elliott (1969), Wilson & Carhart (1973), and Fastl (1976). 
The general tendency to be noted from Fig. 4 is that the threshold difference 
between the maximum and the minimum on the masking pattern decreases as modula-
tion frequency of the AM masker increases. It can be thought that this is because the 
combined effect of backward and forward masking reduces the threshold difference as 
the OFF half-period of the AM masker shortens. While at f mod=100 Hz there still 
exists the threshold difference of about 12-15 dB, it disappears almost completely at f mod 
=200 Hz, allowing to draw the conclusion that the auditory system cannot resolve the 
temporal gap of about 2.5 msec or less. Such a systematic dependence of the shape 
of the masking pattern upon modulation frequency can be represented in a form of the 
temporal modulation transfer function (TMTF) as usually treated in the system analysis. 
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The tendency that the threshold difference between the maximum and the minimum on 
the masking pattern decreases as modulation frequency increases may be restated in the 
system analytical term that the TMTF of the auditory system has the low-pass 
characteristics. The systematic change of the masking pattern obtained in the present 
experiment with modulation frequency generally agrees with TMTFs Rodenbrug (1977) 
and Viemeister (1977) indicated in a system analytical approach. Such an approach of 
the system analysis is considered to be effective, though with some limit, in evaluating 
the dynamic property of the auditory system quantitatively. 
Finally it seems to be worth mentioning the neurophysiological studies of M0ller who 
analyzed the dynamic property of the responses of the cochlear nucleus units of rat to 
a sinusoidally or pseudorandomly AM tone by means of the technique of the linear 
system analysis (M0ller, 1973a, b, 1975). His results showed that the gain functions 
have the band-pass characteristics with the maxima of 50 to 300 Hz, indicating that 
some units of the cochlear nucleus are able to respond to much higher modulation 
frequency than the psychophysical experiments suggest. Thus the TMTFs neurophysio-
logically obtained at the peripheral level clearly differ from those psychophysically 
obtained. While the functional significance of the responsiveness of the cochlear nucleus 
units to time-dependent stimuli is not clear, Fastl (1977) suggested that it could be 
relevant to the sensation of the acoustic roughness. It may be said that the 
dynamic property of the responses of the cochlear nucleus units M0ller found may 
reHected the coding processes at the peripheral level. The dynamic property psycho-
physiocally revealed, on the other hand, may reHect somewhat more central processes 
including adaptation processes. 
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